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© An implant for use in reattaching a bone section 
(W) following bone surgery which includes a plate- 
like member (10) for fitting over at least a portion of 
the outer surface of the bone section to be reat- 
tached. The plate has an inner surface for engaging 
the bone section and an outer surface facing away 
from the bone section and side walls extending 
between the inner and outer surface. The outer sur- 
face includes at least one cable holding portion 
(29,18,26,34) for holding a cable in place. A rectan- 
gular body (56) receives the ends of a cable and 
allows for gripping and holding the cable under 
tension. The rectangular body has opposing concave 
sides and a pair of openings (58) parallel to the 
concave sides for receiving the end of the cable. 
The rectangular body is collapsible by a crimping 
tool which pinches the cable in the openings. A 
recess (12) extends across the outer surface of the 
plate-like member for receiving the rectangular body 
with the recess intersecting the cable holding por- 
tions. 




FIG.3. 



FIG. 4. 
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The invention generally relates to an apparatus 
and method useful for the reattachment of a bone 
section removed during surgery and, more particu- 
larly, to a clamp and cable system for reattaching 
the dome portion of the greater trochanter to pre- 
vent migration of the removed bone section until it 
fuses to the remaining bone. 

Hip surgery often requires osteotomy of the 
dome portion of the greater trochanter to access 
the joint. Following such surgery it is important that 
the removed portion be clamped in place to pro- 
mote efficient healing through fusion of the re- 
moved portion to the remainder of the femur. 

Many surgeons simply reattach the removed 
trochanter section after implanting a hip prosthesis 
by wiring the section to the remainder of the 
trochanter. This has proved unsatisfactory because 
of forces that cause the section to shift or rotate 
when the patient is walking or raising from a seat. It 
is not uncommon for surgical wires to break be- 
cause of the magnitude of such forces. 

A trochanter reattachment system used in the 
post is known as the Dall-Miles system, described 
in U.S. patent 4,269,180. This system utilises an H- 
shaped. clamp which is held in place on the reat- 
tachment bone section by teeth that engage the 
outer surface of the domed segment and others 
that are embedded. Cables are passed through 
holes in the bridge of the clamp and through holes 
drilled in the femur. The bridge of the clamp is 
crimped onto the cables to fix them in position. 

The Dall-Miles system has experienced cable 
failure problems, which are believed to be caused 
by the sharp bends which the cables are forced to 
make as they exit the bridge of the clamp. Such 
failures result in the clamp loosening and tissue 
irritation caused by the frayed cable ends. 

The Dall-Miles system is not particularly effec- 
tive in providing rotational and vertical stability for 
the trochanter segment. Since the attachment ca- 
bles must pass through the single bridge of the H- 
shaped clamp, the clamp can rotate about the 
bridge. Vertical stability is also lacking because the 
clamp is configured such that the cables must pass 
through the femur only in a single direction in the 
vicinity of the lesser trochanter. 

Therefore, there is a perceived need for a 
device that can reliably reattach the greater 
trochanter to the femur following osteotomy, which 
provides maximum rotational and vertical stability, 
while minimising the possibility of a failure resulting 
in loosening of the device or the necessity of its 
removal. 

According to the present invention there is 
provided an apparatus for use in reattaching a 
bone section following bone surgery, comprising: 
(a) a plate-like member adapted to fit over at 
least a portion of the outer surface of the bone 



section to be reattached, the member having an 
inner surface for engaging the bone section and 
an outer surface facing away from the bone 
section; 

5 (b) the outer surface having at least one cable 
holding portion for holding a cable in place; and 
(c) means for gripping the ends of a cable and 
holding the cable in tension in the cable holding 
portion. 

70 The apparatus can be used in a system for 
reattaching a removed bone section from the great- 
er trochanter portion of a femur following hip sur- 
gery. It can support the re-attached portion until it 
fuses to the femur. Rotational and vertical stability 

75 can thus be provided and proper healing can be 
promoted by applying pressure evenly across the 
osteotomized surface. The apparatus may be in kit 
form. 

A one-piece, bowl-shaped clamp can be con- 

20 toured to fit on the dome of the greater trochanter. 
The clamp can be fixed and retained on the 
osteotomized trochanter section primarily through 
the use of surgical cables. Spikes may project from 
the underside of the clamp to provide initial fixation 

25 and rotational stability and to prevent migration 
while union occurs at the osteotomy site. 

In one embodiment, a central recess extends 
from the proximal to the distal aspect on the supe- 
rior side of the clamp. Three pairs of cable 

30 grooves, designed to accommodate the cables can 
be used to anchor the clamp to the femur, intersect 
the central recess and extend along the full width 
of the clamp. 

A swage can be placed in the central recess in 

35 alignment with each pair of cable grooves for re- 
ceiving the ends of a cable which is looped around 
the femur in various locations for holding the clamp 
in place. After the cables are tensioned, the swage 
can be compressed to pinch the cables and hold 

40 them in place. The cable ends are desirably 
trimmed to finalise the procedure. 

In another embodiment of the present invention 
a series of spaced swages are formed integral with 
the clamp, each of which has a pair of openings for 

45 receiving the ends of a cable that fit in surface 
grooves or slots that extend across the face of the 
clamp. 

The present invention also provides a method 
for reattaching a removed bone section, comprising 

50 the steps of: 

(a) positioning a plate-like member on the outer 
surface of the removed section, the plate-like 
member having removable cable gripping and 
holding means on the outer surface; 

55 (b) forming at least one hole in the bone on the 
opposite side of the removed bone section; 
(c) wrapping at least one length of cable around 
the bone and through the opening, with both 
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ends being passed through opposite sides of 
the cable gripping and holding means; 

(d) tensioning the cable by pulling on the ends; 
and 

(e) securing the cable gripping and holding 
means on the cable end for holding the cable in 
tension. 

The present invention will now be described by 
way of example only, with reference to the accom- 
panying drawings, wherein:- 

Figure 1 is a posterior view of the upper portion 
of the right femur indicating an osteotomy line 
for a cut at the base of the greater trochanter 
and removal of a section of the greater trochan- 
ter in such a manner that it may be reattached 
by means of the present invention; 
Figure 2 is a posterior view of the femur of Fig. 

1, wherein the greater trochanter section has 
been removed and prepared for reattachment in 
accordance with the present invention; 

Figure 3 is a top plan view of the upper surface 
of one embodiment of the clamp of the present 
invention; 

Figure 4 is a side plan view of the trochanter 
clamp of Fig. 3; 

Figure 5 is a plan view of the underside of the 
clamp of Fig. 3; 

Figure 6 is a perspective view of a swage de- 
signed for use with the clamp of Figs. 1-4; 
Figure 7 is a posterior view of the femur of Fig. 

2, wherein cable tensioners have been applied 
to tension the attachment cables; 

Figure 8 is a posterior view of the femur of Fig. 
2 following reattachment of the greater trochan- 
ter and illustrating the completed installation of 
the clamp and removed trochanter section; 
Figure 9 is a plan view of the upper surface of a 
second embodiment of the trochanter clamp of 
the present invention; 

Figure 10 is a side plan view of the clamp of 
Fig. 9; 

Figure 1 1 is a bottom plan view of the clamp of 
Fig. 9; 

Figure 12 is a section view of the clamp of Fig. 

9, looking along the section line 12-12 in Fig. 9. 
Referring to Fig. 1, reference letter F identifies 
a femur which has a greater trochanter T1 and a 
lesser trochanter T2. The femur F has been 
marked with an osteotomy cut line X in preparation 
for removal of a fragment or section W of the 
greater trochanter T1 in conjunction with hip sur- 
gery. Following removal of the section W and com- 
pletion of the hip surgery, the section W is reat- 
tached by using a clamp 10 and surgical cables 
50, 52 and 54 as described below. 

In preparing the greater trochanter T1 , a tem- 
plate (not shown) is overlaid on the outer surface of 
the greater trochanter T1 and a series of holes S 



are drilled. The osteotomy cut is then performed 
along an L-shaped cut line X and the resulting 
section W of the greater trochanter T1 is removed 
as shown in Fig. 1. An L-shaped osteotomy cut is 
5 preferred, since the resulting ledge L on the distal 
side provides greater rotational stability during 
healing. However, the clamp 10 can be used with 
any other osteotomy cut used to remove the great- 
er trochanter. 

io As shown in Fig. 2, upon completion of the 
surgery where a prosthetic hip is implanted, the 
greater trochanter section W is repositioned on the 
femur F. A trochanter clamp 10 is positioned on 
greater trochanter section W, as shown, so that 

75 spikes 48 (Fig. 5), which project from the underside 
of the clamp 10, are aligned with holes S (Fig. 1). 
The section X with the clamp 10 in place is then 
repositioned on the superior lateral surface of the 
greater trochanter T1. Following a check for posi- 

20 tioning and alignment of the clamp 10, cable holes 
about 2.0 mm. in diameter, designated by refer- 
ence letters A, B, and C, are drilled through lesser 
trochanter T2. 

The clamp 10, as shown in detail in Figs. 3-5, 

25 has an upper surface that is generally convex. A 
swage recess 12 is formed in the outer surface of 
the clamp 10 and extends longitudinally from a 
proximal side 14 to a distal side 16. Three pairs of 
cable grooves 18, 26 and 34 are formed in the 

30 outer surface of trochanter clamp 10, and extend in 
parallel alignment and generally perpendicular to 
the swage recess 12. The pairs of grooves 18, 26 
and 34, are respectively identified by reference 
numerals 20 and 22, 28 and 30, and 36 and 38, 

35 with the grooves in each pair separated by ridges 
24, 32 and 40, respectively. 

The portions of the grooves adjacent to the 
recess 12 are open and deep enough to accom- 
modate lengths of surgical cables as discussed 

40 below. At the outer edges of the clamp 10, the 
grooves conform to the contour of the clamp and 
are covered so they open on the sides of the 
clamp 10 as shown in Fig. 4. 

The underside of the clamp 10 (Fig. 5) is 

45 generally concave in shape. A plurality of spikes 
48, about 10-15 mm. long, project from the under- 
side of clamp 10 and operate to initially align and 
hold the clamp 10 on the greater trochanter section 
W and on the greater trochanter T1 so the cables 

so can be installed. 

As shown in Fig. 2, a length of cable 50 is 
passed through the hole A with the ends located on 
both sides of the clamp 10 in close proximity to the 
grooves 20, 22. A second cable 52 is passed 

55 through the hole B, with its ends positioned on both 
sides of the clamp 10 in close proximity to the 
grooves 36, 38. 
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Alternatively, the cable 52 could be looped 
around the base of the lesser trochanter T1 and 
hole B eliminated. A hole C is drilled through the 
lateral cortex of femur F at a distance of about 2.0 
to 2.5 cm. from the distal side 16 of the clamp 10. 
A cable 54 is passed through the hole C so that its 
ends are positioned on both sides of the clamp 10 
in close proximity to the grooves 28, 30. 

The cables 50, 52 and 54 are about 1 .6 - 2.0 
mm. in diameter, with the holes A, B and C slightly 
larger. The cables are preferably formed or braided 
strands of chrome-cobalt wire. However, cables 
formed of wires of other metals that are biocom- 
patible, as well as polymeric cables or polymer 
unifilaments, could also be used. 

A swage 56 is provided for receiving the ends 
of each cable 50, 52 and 54 to hold them in place 
as described below. As shown in Fig. 6, the 
swages 56 are formed with a substantially rectan- 
gular cross-section, with a pair of parallel bores 58 
to accommodate the cables 50, 52 or 54. The 
swages 56 have concave-shaped sides so that they 
are easily grasped by a suitable crimping tool (not 
shown). 

As shown in Fig. 7, the swages 56 are inserted 
in the recess 12 so that the bores 58 are aligned 
with the adjacent cable grooves. The ends of the 
cables 50, 52 and 54 are inserted through the 
bores 58 and grasped by cable tensioners T. The 
cable tensioners T are used to apply tension to the 
cables 50, 52 and 54 until tension is evenly applied 
across the surface of clamp 10. The preferred 
tension in the wires 50, 52 and 54 generally ranges 
from about 125 - 200 pounds. 

Referring to Fig. 8, assembly of the cable 
system is completed by crimping the swages 56 
with a suitable crimping tool (not shown) such that 
the bores 58 collapse to pinch the cables 50, 52 
and 54 for maintaining them in tension. The groove 
12 provides the necessary clearance for the crimp- 
ing tool to grasp the swages 56. After the swage 56 
are crimped, the tensioners T are released and 
removed. The ends of the wires 50, 52 and 54 are 
trimmed so that their ends lie within their respec- 
tive grooves on the clamp 10. The trimming opera- 
tion is preferably performed using a guillotine type 
cutter (not shown) to minimise the possibility of the 
cable ends fraying. The clamp could also be 
formed with countersunk holes (not shown) so that 
cancellous bone screws could be used as a sup- 
plemental connection to the underlying bone for 
additional initial stability. 

Figs. 9-12 show an alternative embodiment of 
the clamp, where a clamp 110 and swages 156 are 
formed as an integral piece. A swage recess 112 
extends along the longitudinal access of the clamp 
110, from its proximal side 114 to its distal side 
116. The swages 156 are spaced along the recess 



112, adjacent to grooves 118, 126 and 134 which 
are designed to accommodate the cables as dis- 
cussed above in conjunction with the embodiment 
in Figs. 1-8. 

5 Each swage section 156 has a pair of cable 

holes 158 through which cables can be inserted 
from opposite directions discussed above. A centre 
opening 160 is provided to allow the swages to 
collapse on the cables more uniformly when the 

w swage sections 156 are crimped. 

The grooves 118 and 134 are generally per- 
pendicular to the recess 112 for receiving the cable 
50 and 52, respectively, as shown in Figs. 7 and 8. 
The groove 126 is flared at its outer ends to 

75 accommodate a cable such as the one illustrated 
with reference numeral 54 in Figs. 7 and 8.. The 
groove 126 is flared in both directions so that the 
clamp can be installed without concern about 
whether the ends are facing the right direction. 

20 A plurality of spikes 148 project from the 

curved undersurface of the clamp 110 to engage 
holes drilled in the femur for providing greater 
lateral and rotational stability when the clamp is 
first installed. Installation of the cables for this 

25 embodiment is the same as described above, with 
the use of cable tensioners and crimping tools. 

By using the clamps, along with the swages 
and cables described above, a greater trochanter 
or other bone section can be reattached after sur- 

30 gery and held firmly in place during the healing 
process. Rotating and shifting of the clamp and 
reattached bone section when the patient walks or 
raises out of a sitting position can be resisted 
because the cables and clamp can be positioned to 

35 counteract the forces acting on the clamp. 

Claims 

1- Apparatus for use in reattaching a bone section 
40 following bone surgery, comprising: 

(a) a plate-like member adapted to fit over 
at least a portion of the outer surface of the 
bone section to be reattached, the member 
having an inner surface for engaging the 

45 bone section and an outer surface facing 

away from the bone section; 

(b) the outer surface having at least one 
cable holding portion for holding a cable in 
place; and 

so (c) means for gripping the ends of a cable 

and holding the cable in tension in the cable 
holding portion. 

2. The apparatus of claim 1, wherein the outer 
55 surface is generally convex and the inner sur- 

face is generally concave. 



4 



7 



EP 0 604 082 A1 



8 



3. The apparatus of claim 1 or claim 2, wherein 
the cable holding portion comprises three pairs 
of parallel grooves extending across the entire 
outer surface, and a wall separating each pair 
of parallel grooves with a profile lower than the 
upper surface. 

4. The apparatus of any preceding claim, wherein 
the cable holding portion comprises three 
grooves that have central portions opening 
onto the outer surface and end portions con- 
necting with the central portion and extending 
through the plate-like member to openings in 
the side walls of the plate-like member. 

5. The apparatus of any preceding claim, and 
further including a recess intersecting the ca- 
ble holding portion for receiving said means for 
gripping and holding. 

6. The apparatus of claim 5, wherein the recess 
extends across the outer surface of the plate- 
like body and intersects the three pairs of 
grooves. 



one of the cable holding portions, and another 
of said cables for extending around the distal 
side of the greater trochanter and into one of 
the cable holding portions. 

5 

.12. The system of claim 11, wherein the cable 
holding portions include three pairs of grooves 
formed in the outer surface of the plate-like 
member and extending laterally across the out- 

w er surface, two cables extending around the 

femur and into two of the pairs of grooves, and 
a third cable extending around the distal side 
of the greater trochanter and into the third pair 
of grooves, one end of the each cable being 

75 positioned on one of the grooves of each pair 

and the other end on the other groove of each 
pair. 

13. The system of claim 11 or claim 12,. including 
20 a recess in the outer surface extending per- 
pendicular to the grooves for receiving said 
means for gripping and holding. 

14. The system of any of claims 11 to 13, wherein 
said means for gripping and holding includes a 
compressible swage to be received in the re- 
cess adjacent to each pair of grooves for re- 
ceiving the ends of the cable in said pair of 
grooves, the swage being compressible for 
pinching the cables and holding them in ten- 
sion. 

15. The system of any of claims 11 to 14, wherein 
the cable holding portions include three 
grooves formed in the plate-like member and 
extending laterally across and opening onto a 
portion of the outer surface, the grooves ex- 
tending through the member and having open- 
ings at the ends of the member, and two 
cables extending around the femur and into 
two of the grooves, and a third cable extending 
around the distal side of the greater trochanter 
and into the third groove. 

16. The system of claim 15, and further including 
a series of recesses, one which intersects each 
of the grooves for receiving said means for 
gripping and holding. 

17. A method for reattaching a removed bone sec- 
tion, comprising the steps of: 

(a) positioning a plate-like member on the 
outer surface of the removed section, the 
plate-like member having removable cable 
gripping and holding means on the outer 
surface; 

(b) forming at least one hole in the bone on 
the opposite side of the removed bone sec- 



7. The apparatus of claim 5 or claim 6, wherein 
the means for gripping and holding is formed . 
integral with the plate-like member in said re- 
cess. 

30 

8. The apparatus of any of claims 1 to 6, wherein 
the means for gripping and holding includes a 
generally rectangular body with opposing con- 
cave sides and having a pair of openings par- 
allel to the concave sides for receiving ends of 35 
the cable, the body being collapsible by a 
crimping tool for . pinching the cable in the 
openings. 

9. The apparatus of any of claims 1 to 6, wherein 40 
the means for gripping and holding includes a 
generally cylindrical body and a pair of axial 
openings for receiving ends of the cable, the 
body being collapsible by a crimping tool for 
pinching the cable in the openings. 45 

10. The apparatus of any preceding claim, further 
including a plurality of spikes projecting from 
the inner surface of the plate-like member for 
engaging the bone section. 50 

11. A system for reattaching a removed bone sec- 
tion from the greater trochanter portion of a 
femur following hip surgery, comprising the 
apparatus according to any of claims 1 to 10 55 
and further comprising a plurality of cables, at 
least one of which is for extending around the 
femur, across the lesser trochanter and into 
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tion; 

(c) wrapping at least one length of cable 
around the bone and through the opening, 
with both ends being passed through op- 
posite sides of the cable gripping and hold- 5 
ing means; 

(d) tensioning the cable by pulling on the 
ends; and 

(e) securing the cable gripping and holding 
means on the cable end for holding the w 
cable in tension. 

18. The method of claim 17, further including the 
steps of: 

forming locating holes in the outer surface 75 
of a greater trochanter portion of a femur, 
which are aligned with spikes formed on the 
undersurface of the plate-like member; 

removing a section off the greater trochan- 
ter, the holes extending into the bone beneath 20 
the removed section; and 

inserting the spikes on the undersurface of 
the plate-like member into the holes when the 
plate-like member is positioned on the re- 
moved section of the greater trochanter. 25 

19. The method of claim 18, further including the 
step of: 

forming two holes in the lesser trochanter 
spaced from each other and a third hole 30 
through the lateral cortex of the femur. 

20. The method of claim 19, and further including 
the step of: 

placing a plurality of compressible swages, 35 
one for each cable in a recess formed in the 
outer surface of the plate-like member; with 
openings in the swages adapted to receive the 
ends of the cables; 

passing the cables over grooves formed in 40 
the outer surface of the plate-like member, one 
set for such cable, the grooves intersecting 
with the recesses, and into the openings in the 
swages; and 

compressing the swages to secure the 45 
swages on to cables. 

21. The method of claim 22, wherein the grooves 
are spaced from the proximal to the distal 
sides of the plate-like member, the cables in 50 
the proximal and distal sides being passed 
through the holes formed in the lesser trochan- 
ter, while the cable in the other groove being 
passed through the hole in the lateral cortex. 

55 

22. The method of claim 18, wherein the step of 
removing a section off of the greater trochanter 
includes making an L-shaped cut to form a 



ledge on the distal side of the cut. 

2a The method of claim 22, and further including 
the steps of: 

forming a pair of cable holes in the re- 
moved section; 

and passing a cable through the third hole, 
through the medullary canal and through the 
cable holes formed in the removed section. 

24. The method of any of claims 17 to 23 further 
including the step of further connecting the 
plate-like member to the removed section 
through the use of cancellous bone screws. 
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